, and the evidence favoring active transport (5) is indirect. Nevertheless, the consensus has favored an active role for ALH because no plausible passive model has been offered. Recently, Stephenson (19, 20) and Kokko and Rector (10) put forth a consistent passive hypothesis for thin limbs. In their model, a concentration gradient between tubular and interstitial fluids drives hypertonic NaCl reabsorption from ALH, the concentration gradient is created by osmotic water flow from the descending limbs (DLH), and urea, which diffuses from the collecting ducts to the interstitial space, provides most of the force for this osmosis. In the model, urea can link the active work of the ascending limbs in the outer medulla to the passive structures of the inner medulla because the active multiplier of the outer zone raises collecting duct urea concentrations; the raised concentrations provide a diffusive urea source for the inner medulla.
One-solute models (7, 14, 19) with an active outer and a passive inner medulla do not raise inner medullary tonicity because they lack a means for distributing the work of the active region. In the new passive model, a second solute, urea, distributes the work between the two regions.
The new model requires rather specific permeability properties of the thin limbs. DLH must be water permeable to permit osmotic equilibration, but they must be relatively urea and salt impermeable so that a urea concentration difference can provide an effective osmotic force; the osmotic water loss must also be able to raise tubular fluid NaCl concentration higher than in the adjacent interstitium without having the high NaCl concentration dissipated by diffusion. ALH must be NaCl permeable so that salt can leave when a concentration difference exists to drive it out, and water impermeable, so that the loss of NaCl by diffusion can leave the ALH tubular fluid hypotonic.
These requirements differ substantially from those of the active countercurrent model. The active model is relatively indifferent to the mode of DLH equilibration and requires only that the ALH be salt and water impermeable so that active transport can lower the NaCl concentration below interstitial levels. Kokko and his colleagues (4, 8, 9) have dissected DLH and ALH from the kidneys of rabbits and perfused them while the tubular segments were immersed in an artificial bathing solution. This group found permeability results that appear compatible with the passive model. Morgan and Berliner (17) perfused DLH and ALH on the surface of rat inner medullas which had been excised and placed in an artificial bathing medium. Their results are consistent with the active model and differed in several important respects from Kokko's measurements. Apart from a species difference, methodological differences between the two sets of measurements appear insubstantial, and the resultant conflict leaves no basis for choosing between the active and the passive models.
To resolve this question, we decided to measure the concentration differences between ALH tubular fluid and the adjacent interstitium. at the end of 1.5 h of continuous saline infusion, the mean arterial pressure had returned to 115 mmHg. Micropuncture collections were made at one or two sites in single loops of Henle. The bends of the loop are readily visible on the surface; they were punctured with sharpened micropipettes, 6 pm OD. ALH can be traced easily on the surface for only 100-200 pm. In this work we wished to sample ALH fluid at a site as far removed as possible from the bend so that transport operations of the epithelium could develop measurable concentration differences, both from tubular fluid at the bend of the loop, and also with respect to the adjacent interstitium.
We therefore used a technique described previously (12) to identify ALH puncture sites about 1 mm from their respective hairpin turns. With this technique, the tubule was first punctured at the bend of the loop with a 6 pm OD pipette, and a droplet of mineral oil was expressed from the pipette into the tubular fluid stream. The position of the tubule was revealed as the fluid stream swept the oil droplet up the ALH toward the cortex. A second pipette, 8 pm OD, was used to puncture the tubule at a point as far removed as practical from the hairpin turn, usually 1 mm (range 750-1250 pm less at the ALH sampling site than at the level of the loop's bend, but the velocity of an active transport mechanism might be inadequate to generate an axial gradient in tubular fluid greater than in the interstitium.
To eliminate the confounding effect the normal corticomedullary gradient introduces, we repeated these paired measurements in hamsters undergoing a brisk saline diuresis. The aim of these experiments was to reduce the corticomedullary gradient, so that an active transport mechanism, if it is present, could be freed to lower the tubular fluid Na+ concentration below interstitial levels. To judge how effectively the diuresis reduces the corticomedullary gradient, we made paired collections in AVR from eight hamsters. One sampling site was near the tip of the papilla, the second was in another AVR 1 mm nearer the cortex. The collections were made simultaneously in two separate but adjacent AVR to avoid the problem of bleeding that occurs after the pipette is withdrawn.
Eleven paired measurements were made in this third group of hamsters; the mean corticomedullary Naf gradient was 48.0 & 18.7 meq . liter-l l mm -I. Over a similar distance in antidiuresis, the corticomedullary gradient in ALH tubular fluid was 154.7 meq/liter. Tubular fluid and AVR Na+ concentrations did not differ at either collection level so that the AVR gradient must have been of similar magnitude. Thus, the diuresis reduced th e car ,ticomedull ary gradien t to onethird its antidiuretic value. Tubular fluid was also collected from the bend of Henle's loop in this third group of animals; the collection sites were immediately adjacent to the AVR sampled nearer the tip of the papilla.
In these 11 paired collections performed in saline diuresis, tubular fluid at the hairpin turn had a Na+ concentration 20.0 & 13.1 meq/liter higher than in adjacent AVR plasma. The difference was not significant.
The average tubular fluid Na+ concentration in this group was 415.9 & 33.6 meq/liter. Figure 3 shows the results of 11 paired collections made at the ALH collection site in saline diuresis in a fourth group of animals (7 hamsters). A 6 % correction applied to vasa recta samples in saline diuresis with normal flow of tubular fluid also leads to a finding of contragradient transport in that experimental situationDonnan effects are probably less than in the cortex, and therefore trivial, because the ratio of counterion to coion concentrations approaches unity as the absolute concentration of the mobile ions increases. AVR Na+ concentrations were 2-3 times arterial plasma values in saline diuresis experiments reported here. The delay between collec tion of the tu bula r fluid and vasa recta specimens also serves to bi as the results against a finding of contragradient transport in saline diuresis. The delay averaged 7 min, tubular fluid Na+ declined an average of I,6 meq *liter+ -m&l; the tubular fluid concentration would therefore have been 11.2 meq/liter lower at the time of the AVR collection than was actually measured. On the other hand, the presence of a pipette in the bend during collection from the ALH may have reduced volume flow rate, either by obstructing flow or by permitting a leak around the pipette in the bend. Although there were no gross discrepancies between the volumes collected at the ALH and at the bend, no attempt was made to exclude minor differences in flow rate. Since slowing flow did allow the tubule to reduce Na+ concentrations, this source of error, if it is present at all, would tend to underestimate the magnitude of the concentration difference favoring passive diffusion.
As noted below, the results of this study suggest that passive processes contribute significantly to net reabsorption of NaCl; minor Aow reductions would not alter that conclusion.
The most likely mechanism of contragradient transport is active transport that derives its energy from metabolism. Results of this study cannot prove active transport, however, because the inevitable presence of urea in these fluids, even during the most brisk saline diuresis, introduces a possible other energy source that could drive NaCl against a concentration gradient without requiring the expenditure of metabolic energy in the ALH. Urea enters the lumen of ALH driven by a concentration difference.
In a limited number of observations, we have found that this flux continues in saline diuresis although at substantially reduced concentrations.
The dissipation of the urea gradient could drive NaCl against its gradient, provided that the membranes of the ALH permit an interaction between salt and urea as they flow past each other in opposite directions. We do not know of any experimental demonstration of such an interaction, and we have been unable to conceive of a mechanism by which it might occur. Therefore, it seems most likely that contragradient NaCl transport from ALH receives its energy from metabolism and so constitutes the active transport that has long been suspected in these regions of the nephron.
The eviden .ce SI lpporting active Na Cl transport was obtained onlv after measures were taken to reduce tubular flow rates and corticomedullary interstitial gradients. Thus, it is necessary to ask whether the active transport flux can make a quantitatively significant contribution to the reabsorption of N&l in antidiuresis. We can provide a prelimin ary answer to this qu estion NaCl permeability of ALH from diuresis and then estimating the by first estimating the measurements in saline contribution of passive processes to NaCl reabsorption in antidiuresis. The equations, and the assumptions used to derive them, are given in APPENDIX, together with the numerical values of the variables obtained from measurements. The calculated value of the NaCl permeability of ALH is 10.8 & 1.33 X 1UF cm 's-l; the statistical measure is the standard deviation, obtained by a Monte Carlo simulation as explained in APPENDIX.
With this value, we can predict how much the ALH NaCl concentration would fall as tubular fluid moves from the bend of Henle's loop toward the cortex in antidiuresis, under the assumption tha t active transport is zero. The predicted decline of concentration is 89.3 & 74 (SD) meq/liter, while the measured decline was 154.7 meq/liter.
As shown in APPENDIX, the measured concentration fall differs significantly from the calculated value (P < .0003). s ince only 58 % of the concentration decrease is accounted for by passive processes, it seems a reasonable conjecture that active transport is responsible for the rest. The results reported here are consistent with a significant participation of active transport in the observed reabsorption of NaCl. new kodels impose on the permeability properties of DLH
3) The active transport rate found i n free-flow sahne diuresis is (10, 19, 20) . Th ese models require the DLH to be relatively the same as i n slow-flow sal i ne diuresis. Finally, it should be noted that the response of ALH to 
